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(54) PLATINUM-IRON ALLOY ELECTRODE CATALYST AND FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To develop a highly active 
electrode catalyst for a fuel cell by recognizing the problem 
that a divergent increase in overvoltage has a serious effect on 
the lowering of the cell voltage of the fuel cell and noticing an 
electrode catalyst supposed to be related to the concn. 
overvoltage. 

SOLUTION: This electrode catalyst contains a tetragonal 
platinum-iron alloy. The tetragonal platinum-iron alloy is a 
platinum-iron alloy contg. preferably 25-75 atomic %, more 
preferably 40-60 atomic % or more pereferably 45-55 atomic 
% iron. By using an electrode carrying the electrode catalyst to 
constitute a fuel cell, a decrease in the concn. overvoltage is 
suppressed even if the fuel cell is operated and the current 
density is increased, and hence the cell voltage of the cell is 
not decreased. The I-V characteristic in the fuel cell is shown 
in the figure, the curve (e) shows the characteristic when Pt/Fe 
atomic %=50/50, and the curve (f) shows the characteristic 
when platinum is 100%. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode catalyst characterized by including the platinum-iron alloy of ******. 

[Claim 2] The electrode catalyst according to claim 1 which includes the platinum-iron alloy containing 

the iron of 25 - 75 atom %. 

[Claim 3] The electrode catalyst according to claim 1 which includes the platinum-iron alloy containing 
the iron of 40 - 60 atom %. 

[Claim 4] The electrode catalyst according to claim 1 which includes the platinum-iron alloy containing 
the iron of 45 - 55 atom %. 

[Claim 5] The fuel cell using the electrode which supported the electrode catalyst according to claim 1, 
2, 3, or 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell using the electrode which supported the 
electrode catalyst and this electrode catalyst which are used for the electrode of various electrolysis or a 
fuel cell. 
[0002] 

[Description of the Prior Art] In order for there to be an anode plate as an air pole which returns the 
cathode and the supplied oxygen as a fuel electrode for oxidizing a fuel to the electrode of a fuel cell, to 
promote the reaction on each of these electrodes and to raise the engine performance of a fuel cell, 
making each electrode support an electrode catalyst is performed. 

[0003] about 1.2 as shows the I-V property (eel electrical potential difference to current density) of the 
fuel cell are using hydrogen as a fuel and using air (oxygen) as an oxidizer theoretically to the curve a of 
drawing 1 as an example V -- a passage — the shape of a straight line, although it is thought that it has 
output characteristics It is the following (i) - (iii) the cause in fact, and as shown in this drawing curve b, 
it is already known that curve greatly according to the increment in current density, and the eel electrical 
potential difference serves as the property of falling and deteriorating. If the cause is divided roughly, it 
will set to drawing 1 as a thing resulting from the reaction rate of the reacting matter (hydrogen, oxygen, 
etc.) on the (i) electrode. Activation overvoltage etaa shown in the amount inserted with Curve a and 
Curve c It sets to drawing 1 as a thing resulting from the internal resistance of the electrolyte of the loss 
to depend and the (ii) cell etc. Resistance overvoltage etar shown in the amount inserted with Curve c 
and Curve d It sets to drawing 1 as a thing resulting from the reacting matter to the reaction place (on the 
catalyst which usually exists in an electrode) on the loss to depend and an electrode (iii), or the ease of 
carrying out of migration of a resultant. Concentration overvoltage etac shown in the amount 
sandwiched by Curve d and Curve b Loss ** to depend is mentioned. 
[0004] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the fuel cell using the electrode which supported the 
electrode catalyst and this electrode catalyst which are used for the electrode of various electrolysis or a 
fuel cell. 
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PRIOR ART 



[Description of the Prior Art] In order for there to be an anode plate as an air pole which returns the 
cathode and the supplied oxygen as a fuel electrode for oxidizing a fuel to the electrode of a fuel cell, to 
promote the reaction on each of these electrodes and to raise the engine performance of a fuel cell, 
making each electrode support an electrode catalyst is performed. ■ 
[0003] about 1.2 as shows the I-V property (eel electrical potential difference to current density) of the 
fuel cell are using hydrogen as a fuel and using air (oxygen) as an oxidizer theoretically to the curve a of 
drawing 1 as an example ~ V — a passage — the shape of a straight line, although it is thought that it has 
output characteristics It is the following (i) - (iii) the cause in fact, and as shown in this drawing curve b, 
it is already known that curve greatly according to the increment in current density, and the eel electrical 
potential difference serves as the property of falling and deteriorating. If the cause is divided roughly, it 
will set to drawing 1 as a thing resulting from the reaction rate of the reacting matter (hydrogen, oxygen, 
etc.) on the (i) electrode. Activation overvoltage etaa shown in the amount inserted with Curve a and 
Curve c It sets to drawing 1 as a thing resulting from the internal resistance of the electrolyte of the loss 
to depend and the (ii) cell etc. Resistance overvoltage etar shown in the amount inserted with Curve c 
and Curve d It sets to drawing 1 as a thing resulting from the reacting matter to the reaction place (on the 
catalyst which usually exists in an electrode) on the loss to depend and an electrode (iii), or the ease of 
carrying out of migration of a resultant. Concentration overvoltage etac shown in the amount 
sandwiched by Curve d and Curve b Loss ** to depend is mentioned. 

[0004] When a total overvoltage is set to eta and current density is set to I, it is activation overvoltage 
etaa, resistance overvoltage etar, and concentration overvoltage etac. In between, it is already reported 
that the following formula (1) - a formula (4) are materialized (work f, basic of electrochemistry" Gihodo 
Shuppan issue besides Kita, the 200th page). 
[0005] 
[Equation 1] 

A. = a - b x l og I (i£2) 
J7. = b x log (l- jj (S3) 
7)r = IR (5*4) 

[0006] Setting at each above-mentioned ceremony, a and b are a constant and IL. It is the value called 
limiting current density, and is the constant decided by the critical mass which reacting matter or a 
resultant can move for a reaction. This migration critical mass changes with the structure of an electrode, 
the concentration (porosity, thickness, etc.) of the matter, etc., in order that reacting matter or a resultant 
may move by diffusion usually. Moreover, R is resistance. 

[0007] As shown in a formula (4), current density I is limiting current density IL. If it approaches, it is 
concentration overvoltage etac. It increases diffusively. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As for the fuel cell using the electrode catalyst of this invention, the fall of 
concentration overvoltage can control the fall of the output of a cause. 

[0024] Since the electrode catalyst of this invention has the reduction effectiveness of concentration 
overvoltage, also in any of a fuel electrode and an air pole, the utilization factor of the fuel cell using this 
electrode catalyst of the hydrogen which is those reactant gas, and oxygen improves, and even when 
these reactant gas partial pressures in distributed gas are low, it produces sufficient output. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention persons — concentration overvoltage etac the 
trouble that diffusive increase has big effect on the fall of the eel electrical potential difference of a fuel 
cell - recognizing — concentration overvoltage etac the electrode catalyst considered that there is 
relation — paying one's attention - the object for fuel cells high — an activity electrode catalyst is ; 
developed and it aims at offering the fuel cell using the electrode which supported this electrode 
catalyst. 
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MEANS 



[Means for Solving the Problem] As a result of searching wholeheartedly about various metals or the 
availability to the electrode catalyst of an alloy ingredient paying attention to weakening adsorption of a 
up to [ the catalyst of the oxygen with which it is guessed in view of the above-mentioned trouble that 
this invention persons are the causes of a fall of concentration overvoltage ], the platinum-iron alloy of 
the specific crystal structure found out that it was suitable for the electrode catalyst of a fuel cell with 
few increments in concentration overvoltage, and resulted in this invention. 

[0010] That is, the electrode catalyst of this invention is characterized by including the platinum-iron 
alloy of ******. As for the platinum-iron alloy of ****** 5 it is preferably desirable 25 to 75 atom % and 
that they are 40 to 60 atom % and the platinum-iron alloy which contains the iron of 45 - 55 atom % 
most preferably still more preferably. If iron atomic % exceeds less than 25 and 75, effect of an 
increment of concentration overvoltage cannot be disregarded in the fuel cell using the electrode which 
supported this platinum-iron alloy, and it is not desirable on the engine performance of a fuel cell. 
[001 1] Moreover, the fuel cell of this invention is characterized by using the electrode which supported 
the electrode catalyst which has the above-mentioned description. 

[0012] It is important for the electrode catalyst of this invention that the gestalt of the crystal of a 
platinum-iron alloy is ******. if ****** co n a p Se s, it is concentration overvoltage etac. The eel 
electrical potential difference of a cause falls [ loss ], the engine performance of a fuel cell falls, and it is 
not desirable. 

[0013] Concentration overvoltage etac in the fuel cell by the electrode catalyst of this invention It is 
thought that the reduction-ized effectiveness of a fall will be what the adsorption power of the oxygen to 
the electrode catalyst of this invention produces since it is weak compared with the adsorption power 
over the conventional electrode catalyst. 

[0014] Also not only in the anode plate where a reduction operation of oxygen is performed but a fuel 
electrode, the application as a CO-proof poisoning catalyst is possible for the electrode catalyst of this 
invention. 

[0015] It can be used making an electrode material support the electrode catalyst of this invention, and 
the support approach of the electrode catalyst may form a catalyst bed with the application of the paste 
containing catalyst fine particles on the electrode which consists of electrode materials, such as carbon. 
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EXAMPLE 



[Example] 

[Example 1] It consisted of ion-exchange resin dispersion liquid (Nation solution: Aldrich make) and 
catalyst fine particles on the electrode which consists of porous carbon which ******( e d) by Teflon 
dispersion (the Daikin Industries, LTD. make, D-l), and the electrode (air pole) with which two kind? of 
catalyst beds as follows were formed in print processes with the application of two kinds of pastes with 
which catalyst components differ was manufactured respectively. That is, it consists only of Pt as an 
electrode catalyst, and the amount of Pt support is 0.3 mg/cm2. The Pt-Fe alloy of ****** with which 
atomic ratio Pt/Fe serves as an air pole from 50/50 as an electrode catalyst is applied, and the amount of 
support of Pt component is 2 0.3mg/cm. The air pole was obtained. 

[0017] On the other hand, the amount of Pt support is 2 0.5mg/cm like the above-mentioned air pole as a 
fuel electrode. The electrode was manufactured. 

[0018] Two sorts of cells (eel effective area is 2 and **45 20.25cm) with which the classes of electrode 
catalyst differ were respectively manufactured by inserting and carrying out the hotpress of the Nafion 
1 15 film (trade name: the U.S. Du Pont make) between the air poles and fuel electrodes which were 
obtained at said process. Air was operated for hydrogen gas at a sink and the cell temperature of 70 
degrees C to the cathode of each of this fuel cell in the anode plate, and the eel electrical potential 
difference to current density was measured. The result is shown in the graph of the current density- 
voltage characteristic of drawing 2 . 50/50 and Curve f show the case where, as for Curve e, atomic ratio 
Pt/Fe uses Ptl00% of electrode catalyst, among drawing 2 , respectively. 
[0019] According to drawing 2 , it turns out that there is less descent of a eel electrical potential 
difference [ as opposed to current density in the direction when atomic ratio Pt/Fe considers as 50/50 ] 
than Ptl00% of thing. Therefore, for example, when stationary actuation of the fuel cell is carried out by 
0.6V, what the direction when atomic ratio Pt/Fe considers as 50/50 rather than Ptl00% of thing can 
expect the increase of about 60% of output for is understood. By reduction of concentration overvoltage, 
potential efficiency can also improve and it can consider as an efficient fuel cell, moreover — Ptl00% of 
electrode catalyst — the limiting current density of a fuel cell — 0.86 A/cm2 it was - a thing ~ receiving 
- the electrode catalyst of atomic ratio Pt/Fe=50/50 of this example 1 - 1 .04 A/cm2 up to — it was able 
to attain. 

[0020] [Example 2] Using 50/50, 40/60, and the Pt-Fe alloy of ****** of 60/40 as an electrode catalyst, 
by the same approach as said example 1, atomic ratio Pt/Fe manufactured three kinds of electrodes with 
which the quality of the materials differ, and manufactured the cell respectively further. The cell was 
manufactured similarly, using Ptl00% of electrode catalyst as an example of a comparison. 
[0021] Furthermore, the eel electrical potential difference to the current density at the time of making an 
oxidizer into oxygen about each cell by the same approach as said example 1 was measured. It asked for 
concentration overvoltage from the eel electrical potential difference. The result is shown in the graph of 
the current density-concentration overvoltage property of drawing 3 . Among drawing 3 , in 50/50 and 
Curve h (o mark), atomic ratio Pt/Fe shows the electrode catalyst of 40/60 of this inventions, and, as 
for Curve g (O mark), atomic ratio Pt/Fe shows [ 60/40 and Curve i (** mark) ] the electrode catalyst of 
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100/0 of the examples of a comparison, as for ** mark. 

[0022] According to drawing 3 , it turns out that there is least descent of a eel electrical potential 
difference [ as opposed to current density in the case where atomic ratio Pt/Fe considers as 50/50 ]. 



[Translation done.] 



http://www4.ipdlncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/1/2004 



Page 1 of 1 




* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows an example of the I-V property (eel electrical potential 
difference to current density) of the fuel cell are using hydrogen as a conventional fuel and using air 
(oxygen) as an oxidizer. * 
[Drawin g 2] It is the graph which shows the eel electrical potential difference to the current density by 
the fuel cell using the electrode which supported Ptl00% of electrode catalyst, and the fuel cell using the 
electrode which supported the Pt-Fe alloy of ****** of atomic ratio Pt/Fe=50/50 as an electrode 
catalyst. 

[Drawing 3] It is the graph which shows the property of concentration overvoltage over the current 
density by atomic ratio Pt/Fe=50/50, 40/60, the Pt-Fe alloy of each ****** of 60/40, and the fuel cell 
using each electrode which supported Pt/Fe= 100/0 as an electrode catalyst. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 
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[Drawing 2] 
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[Drawing 3] 
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[Translation done.] 
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